that VSCC affect or act downstream of BMPs activity.
and the protein expression or DHP staining can be derived from these observations. To determine if the presence of higher steady levels of Fluo-3, suggesting high levels of free intracellular calcium as compared to VMZ and ecto- Expression patterns of X␣ 1 S in the Xenopus laevis embryo. (a) A clone containing a 2 kb insert with an 89% homology to human ␣ 1 S was isolated. The GenBank accession number for X␣ 1 S is AF421880. Nested RT-PCR experiments were conducted by using RNA isolated from whole embryos. RT-PCR analysis of the expression of X␣ 1 dermal explants (Figure 1d ). These results support a reinjected embryos displayed a dorsalized phenotype characterized by the appearance of a double axis (n ϭ 120, cent observation where levels of calcium were found to be higher in DMZ [6] . Similarly in the zebrafish, a dynamic 26%; Figure 2b ) and enlargement of the dorsoanterior structures. At later stages (the equivalent of stage 27 of pattern of elevation of the Ca 2ϩ concentration is observed throughout the early developmental stages, although control embryos), the injected embryos showed gross morphological perturbations consistent with an expansion of VSCC have not been explicitly implicated in its generation [17] . Taken together, our results demonstrate a redorsoanterior structures and a reduction of posterior development (n ϭ 125, 98% Figure 2c ). These results indicate that units do not directly participate in the passage of ions but overexpression of VSCC leads to an exaggerated dorsalizacontribute to membrane expression and modulate the tion of the embryo. We also overexpressed the ␤ 1b and function of ␣ subunits. These transcripts were demon-␣ 2 ␦ 2 subunits and found a phenotype similar to that restrated to induce the expression of functional calcium sulting from the coinjection of these two plus the ␣ 1C channels when injected into Xenopus oocytes by voltage RNA (Figure 2c ). Expression of the accessory subunits clamp (data not shown) and to increase the intracellular of VSCC ␤ 1b and ␣ 2 ␦ 2 also dorsalized the embryo. Control calcium concentration in tissues dissected from injected injections of equivalent amounts of an RNA encoding embryos as compared to uninjected controls (Figure 2a) . At the equivalent of stage 18, one-cell stage animal pole-␤-galactosidase or of an RNA encoding a calcium-acti- results are compatible with the view that the excess of exogenous accessory subunit enhances the traffic of ␣ to the cell surface. Misexpression of VSCC induces a phenotype similar to the one that results from overexpression of noggin or the inhibition of ⌬BMP signaling. Thus, the elevation of the Ca 2ϩ concentration could inhibit a signal transduction pathway distal to the binding of the BMPs to their receptor. We were able to rescue the effect of VSCC mRNA injection on the expression of chordin by coinjection of BMP-4 mRNA (data not shown). It has been shown that expression of a constitutively active form of calcineurin, a calcium-dependent protein phosphatase, results in a dorsalized phenotype, and a modulation of the phosphorylation of the BMP receptor has been proposed to underlay this effect [21] . Here we show that calcium channels mediate mesodermal patterning acting probably downstream of BMPs signals.
We tested the hypothesis that overexpression of VSCC directly leads to neural specification, as suggested by recent reports [2] [3] [4] [5] , and we studied the expression of Sox-2 in ectodermal explants (animal caps) dissected at stage 10 from embryos previously injected at the one-cell stage with the RNAs encoding VSCC. These explants failed to express the neural marker, although animal caps taken from embryos injected with ⌬BMPR showed a strong Xsox-2 expression (Figure 3a ). This contrasts with the proposal that activation of VSCC in the amphibian ectoderm directly leads to neural induction. It is possible that the levels of calcium entry obtained during our experiments were not sufficient to attain this effect or that the increase in the calcium level required to neuralize the ectoderm is not dependent on VSCC. An alternative explanation for the effect of VSCC misexpression is the expansion of neural inducer tissue or dorsal mesoderm. We therefore explored the effects of the misexpression of VSCC on the dorsoventral patterning of the mesoderm 
ers. We observed a ventral expansion in the expression
Representative confocal fluorescence images of Fluo-3-loaded DMZ of dorsal mesoderm genes such as Cerberus and Chordin explants from uninjected embryos (control) and injected embryos from [7] and an inhibition in the expression of ventral meso- to the shape displayed by an explant of DMZ as consequence of convergent extension. These results indicate that misexpression of VSCC is able to induce dorsal characteristics to ventral mesoderm. vated potassium channel did not result in morphological or endogenous gene expression alterations (data not shown). In other systems, these subunits do not particiBlockade of VSCC inhibits the dorsalization of the mesoderm pate in ion conduction, but they profoundly influence the amount of the ␣ subunit that reaches the plasma
To inhibit VSCC activity, we used peptidic toxins that specifically block L-type calcium channels. Exposing membrane and forms functional channels [19, 20] . These (Figure 4a ), in contrast with VMZ explants that remain round and do not express these markdistinct subcellular distributions. ers (Figure 4d ). Exposure of DMZ explants to calcicludine significantly inhibited convergent extension and the apGastrulation involves a complex set of morphogenetic pearance of MyoD (Figure 4b ; n ϭ 38, 85% of inhibition).
movements. The main engine producing the driving force This effect of calcicludine on convergent extension and for gastrulation is thought to be convergent extension MyoD expression was reversed by treatment under the resulting from mediolateral intercalation of deep cells in same conditions with the toxin but with DMZ dissected the DMZ [18]. Our results show that blockage of VSCC from embryos previously injected with chordin mRNA, inhibits convergent extension. However, the absence of showing that the calcicludine treatment was not toxic for dorsal mesoderm markers in the treated explants suggests the mesodermal explants (Figure 4c ; n ϭ 32, 23% of that the inhibition of convergent extension is a conseinhibition).
quence of the prior misspecification of the dorsal mesoderm. In addition, the expression of VSCC in the ventral VMZ explants dissected from embryos previously inmesoderm is enough to dorsalize the ventral cells in terms jected with chordin RNA showed a dorsalized phenotype of cell movement and gene expression. Our findings thus characterized by its extension and MyoD expression (Fig- suggest that calcium is a key component of early mesoderure 4e) that could be blocked by treatment with calcicludmal patterning. ine (Figure 4f ; n ϭ 36, 90% of inhibition). The sensitivity of VMZ dissected from chordin-injected embryos to calcicludine is consistent with an induction of VSCC expres- 
